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Synoptic tableThis paper presents a hierarchical systemof forest communities ofMpumalanga Province (South Africa) compat-
ible with the existing South African National Forest Classiﬁcation (NFC). It describes and interprets ﬂoristic and
physiognomic differences between the communities and the relevant higher-rank vegetation unit. A total of
434 relevés (rectangular plots, each 0.04 ha; listing all species in the plots in Braun-Blanquet cover-abundance
scale), sharing 619 species, served as the basis of the classiﬁcation. The data were classiﬁed using the Flexible
beta clustering (β = −0.25) in combination with the Bray–Curtis similarity measure. The proposed forest sub-
types are described in terms of dominant plant families and genera, growth forms, seasonality or leaf retention
characteristics, and the proportion of forest dependent species. Fourteen forest subtypes are distinguishedwithin
three national forest types, with no subtypes being recognised within the Lowveld Riverine Forest Type. We
propose that the Wakkerstroom Midlands Forest Subtype be embedded within the Northern Highveld Forest
Type, and not the Low Escarpment Mistbelt Forest Type as is currently recognised in the NFC. A total of 125
plant families and 375 genera were identiﬁed to occur in the Mpumalanga forests, with the most abundant
species per family being Rubiaceae, Fabaceae, Celastraceae, Orchidaceae, Euphorbiaceae and Aspleniaceae. 76%
of all forest plant species were obligate forest species and 80% of all tree cover is evergreen.
© 2013 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The ﬁrst comprehensive, nation-wide classiﬁcation of the indige-
nous forests of South Africa was presented in a report by von Maltitz
et al. (2003). This system, also known as the National Forest Classiﬁca-
tion (NFC), contains seven forest groups, comprising 24 forest types.
This classiﬁcation was updated by Mucina et al. (2006) and is being
expanded by more detailed studies aimed at the habitat level of com-
plexity (Mucina et al., 2007).
Classiﬁcation of the forests of Mpumalanga Province is incomplete
and patchy, despite numerous assessments at both a very ﬁne-scale
(Deal et al., 1989; Eckhardt et al., 1997; Lötter and Beck, 2004;
Morgenthal and Cilliers, 1999; Muller, 1994; Stalmans et al., 1999;
Van Der Schijff and Schoonraad, 1971; Von Breitenbach, 1990) and at
a much broader national scale (Acocks, 1988; Cooper, 1985; Mucina
et al., 2006; von Maltitz et al., 2003). According to von Maltitz et al.
(2003), of the 24 forest types occurring in South Africa, only ﬁve are
represented in Mpumalanga. The Mpumalanga Mistbelt Forest (a NFCth updates from online African
/musinfo/bd/cjb/africa/N.
tion Biology, School of Animal,
itwatersrand, P.O. Wits 2050,
).
y Elsevier B.V. All rights reserved.forest type in von Maltitz et al., 2003), accounting for 82% of all indige-
nous forests in the Province, extends along the Mpumalanga Escarp-
ment from Mariepskop to Barberton. However its circumscription was
considered too broad for use in provincial conservation planning as
it does not recognise ﬂoristic differences at the habitat-level. There is
no classiﬁcation that has assessed forest diversity at the provincial
scale that would be suitable for conservation planning. Hence the
Mpumalanga Tourism & Parks Agency (MTPA) and the Department of
Agriculture, Forestry and Fisheries (DAFF) of the Government of South
Africa identiﬁed the need for a comprehensive forest classiﬁcation
suitable for use at a local scale for the management and conservation
of indigenous forests.
The aims of this study were to address the need for a more detailed,
regional forest classiﬁcation, in particular by (1) developing a hierarchi-
cal framework of forest subtypes, grouped into higher-rank categories
embedded within the existing NFC system, and by (2) describing and
interpreting ﬂoristic and physiognomic differences between these
subtypes.
2. Study area
Mpumalanga Province is situated in the north-eastern part of South
Africa and covers an area of 76,520 km2, comprising a diversity of land-
scapes characteristic of the grassland, savanna and warm-temperate
38 M.C. Lötter et al. / South African Journal of Botany 90 (2014) 37–51and subtropical forest biomes. Grasslands are most prevalent in Mpu-
malanga, making up 65% of the Province, while forests occupy only
0.51% of Mpumalanga's territory. Altitude varies between 110 m and
2328 m above sea level while mean annual rainfall ranges between
341 and 1933 mm. Mean annual temperature spans 10 °C to 23 °C
(according tomodelled data of Schulze, 1997). This topographic and cli-
matic diversity is reﬂected by the fact that of South Africa's 438mapped
vegetation types (Mucina and Rutherford, 2006) and 58 vegetation
mapping units occur in Mpumalanga (Ferrar and Lötter, 2007). The
indigenous forests are largely conﬁned to the north–south running
Mpumalanga Escarpment.
3. Methods
3.1. Vegetation sampling
A total of 434 vegetation relevés (plot samples) were collected
throughout Mpumalanga and the immediate surrounding areas of
Northern Province, KwaZulu-Natal Province (both South Africa) and
the Kingdom of Swaziland. Relevés from neighbouring provinces,
representing a forest type that straddled Mpumalanga's border, were
incorporated in this data set. The relevés were initially pre-classiﬁed
into the NFC forest groups and forest types (von Maltitz et al., 2003).
Sampling involved selecting sites across a range of altitudes, landscapes,
and climatic conditions. The sample sites were restricted to those forest
patches with little evidence of recent human disturbance or where the
ﬂoristic composition was natural (we avoided areas where invasive
alien plant species were present). At each site several plots (minimum
of 2) were preferentially located throughout the forest as far as accessi-
bility allowed. Plots of 20 m × 20 m(0.04 ha)were used to sample spe-
cies composition. Cover-abundance values were recorded for each
higher plant species according to the seven-class Braun-Blanquet
cover-abundance scale (Mueller-Dombois and Ellenberg, 1974). The
relevés included a list of all vascular plant species stratiﬁed into
woody or herbaceous layers. Plants were identiﬁed to species level or,
to infraspeciﬁc level (subspecies or variety) wherever possible. The
term ‘species’ is hereafter used to refer to the ﬁnest recognised taxo-
nomic category. All relevés, except for 37 plots from Pedlar's Bush
(Morgenthal and Cilliers, 1999) are original data, collected for the pur-
poses of this study by the ﬁrst author of this paper. Two relevés were
placed by the ﬁrst author within Pedlar's Bush to ensure comparability
of taxonomy and species concepts with the 37 relevés surveyed in
1997. The relevé data were stored in a Turboveg 2.8 database
(Hennekens and Schaminée, 2001) for ease of extraction and informa-
tion management.
3.2. Classiﬁcation procedures
A very detailed study targeting the performance of various classiﬁca-
tionmethods (Lötter et al., 2013) established that themost appropriate
method to classify our data set would be the Flexible beta clustering
(β = −0.25), based on the Bray–Curtis similarity, standardised by
sample unit totals. This procedure was identiﬁed as the most rigorous
technique to produce an ecologically and biogeographically meaningful
classiﬁcation. The same study, using the OptimClass procedure in JUICE
7 (Tichý, 2002) and expert opinion during validation, established
that the ideal number of clusters would be between 12 and 14. Few ad-
justments were done to the resulting numerical classiﬁcation based on
expert review. The cluster analysis was performed using the software
package PC-ORD 5.20 (McCune and Mefford, 2006).
Ordination diagrams were also used to assist in the interpretation of
the cluster analysis results. Two and three dimensional Non-metric
Multidimensional Scaling (NMDS) ordinations on the full ﬂoristic
data set, based on Bray–Curtis dissimilarity measure and performed in
JUICE 7 (Tichý, 2002), were produced.As herbaceous vegetation often reﬂects changes in habitat at a local
scale, the classiﬁcation was done on two different data sets, (1) one in-
cluding only woody species, and (2) the other including both woody
and herbaceous species. Although there were no large differences be-
tween the results of these two classiﬁcations, the former was consid-
ered to be more biogeographically explicit and better represented the
occurrence of forest subtypes during expert review.
3.3. Fidelity assessment
Floristic classiﬁcation usually involves the arrangement of plant
community units into hierarchically structured clusters, which are dis-
criminated from each other by sets of diagnostic species (Braun-
Blanquet, 1964; Kent and Coker, 1994; Willner et al., 2009). Diagnostic
species are those with a high ﬁdelity to a particular cluster (interpreted
as a forest subtype). The statistical concept of diagnostic species, as de-
ﬁned by Chytrý et al. (2002) was followed. Using JUICE 7 (Tichý, 2002),
we applied a phi ﬁdelity (Φ) threshold value of 25, with p b 0.01 using
Fisher's exact test to test for signiﬁcance. Species with positiveΦ values
for particular clusters were then considered as diagnostic or faithful
species to these clusters.
Diagnostic or frequency (constancy) values can be used for sorting
species in large phytosociological or synoptic tables. In these tables, spe-
cies are clustered into diagonally arranged blocks. We developed an or-
dered synoptic table, based on constancy of species, wherein species
were sorted into logical groupings. Diagnostic species that are included
in these blocks are deﬁned as those exceeding a set thresholdΦ value of
25 in JUICE 7. The threshold value was adjusted to roughly yield an av-
erage 25 diagnostic species in each column. JUICE 7 assisted in
constructing the synoptic table using ﬁdelity values, and it was used
to determine Diagnostic, Constant and Dominant Species (Tichý and
Holt, 2006) for each community. Constant species are those which fre-
quently occur in a particular unit and are identiﬁed when they have a
relative frequency higher than a frequency threshold. Dominant species
are species which frequently attain a high cover in particular vegetation
units. These speciesmust exceed both a cover threshold value aswell as
a frequency threshold value. Uniqueness value expresses the degree to
which species within a particular unit are shared with other units.
Values range between 0 and 1, with a value of 1 indicating that they
share no species with any other units (Chytrý and Tichý, 2003).
3.4. Building a forest classiﬁcation hierarchy
The syntaxonomic (vegetation-systematic) hierarchy adopted fol-
lows that of the NFC, which recognises forest groups and forest types,
and more recently forest subtypes for selected forest types (Mucina
et al., 2007). A cluster dendrogram (McCune and Mefford, 2006) was
created from the synoptic table columns using Bray–Curtis similarity
measure, standardised by sample unit totals, and Flexible beta cluster-
ing (β = −0.25). The cluster diagram was inspected to assist in
interpreting the relationships between subtypes and between subtypes
and types. From the dendrogram and the ordered synoptic table, artiﬁ-
cial subtype groupings were recognised (numbered A–E in resulting
dendrogram and synoptic table) to aid interpretation of linkages and
relationships. The forest subtypes were superimposed on NMDS
ordination planes, where envelopes were constructed around different
hierarchical groupings that corresponded to those of the revised NFC
types.
3.5. Description of communities
Two synoptic tables (see Westhoff and Van der Maarel, 1978) are
presented for the proposed forest subtypes. These tables explore species
frequency and ﬁdelity values and are sorted within particular subtypes.
Each subtype is then described and deﬁned in the body of the text
according to its species composition, which is aimed at listing basic
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formation is summarised into diagnostic, constant and dominant spe-
cies. The subtypes are also described in terms of their taxonomic,
structural and physiognomic characteristics.
The proposed forest subtypes are described in terms of broad taxo-
nomic groups, dominant plant families and genera, growth forms, sea-
sonality or leaf retention characteristics, and the proportion of forest
dependent species. Growth forms and forest dependency is described
in terms of species occurrences, unless indicated otherwise. As leaf
retention or ‘evergreenness’ describes structure, structure should be de-
scribed in terms of cover and hence leaf retention is presented in terms
of summing all cover values (extrapolated from the cover-abundance
values into percentage values) for each tree species occurrence and
assessing the proportion of each leaf retention category. We distinguish
two groups of species in relation to their dependence to a forest
environment. Obligate forest species are those which are linked exclu-
sively to forests (occur only in forest communities throughout their
known distribution in the Province), while the facultative forest
species are those which can be prevalent in the forests, however are
also found in communities of non-forest vegetation (incl. grasslands
and savannas).
We used the proposed growth form system of Mucina and
Rutherford (2006, p. 26) to categorise all species. A MS Access database
was created containing the following information: taxonomic position
(family and high-rank taxa), leaf retention, forest dependancy, plant
longevity patterns, and growth form. This database was linked to the
relevé data for querying and extraction of pertinent information.Table 1
Syntaxonomic classiﬁcation ofMpumalanga forests into subtypes, partly nestedwithin the
National Forest Classiﬁcation (von Maltitz et al., 2003) and Eastern Scarp subtype
classiﬁcation (Mucina et al., 2007). Numbers in brackets correspond to subtypes in
Figs. 2–3, Table 2, and subtype descriptions.
II Northern Afrotemperate Group
II2 TYPE: Northern Highveld Forest
SUBTYPE GROUP A
SUBTYPE: Eastern Dry Afrotemperate Forest (1)
SUBTYPE: Wakkerstroom Midlands Forest (2)
SUBTYPE: Lydenburg Kloof Forest (3)
SUBTYPE: Northern Highveld Kloof Forest (4)
IV Northern Mistbelt Group
IV2 TYPE: Mpumalanga Mistbelt Forest
SUBTYPE GROUP B
SUBTYPE: Mariepskop Mistbelt Forest (5)
SUBTYPE: Long Tom Mistbelt Forest (6)
SUBTYPE: Barberton Mistbelt Forest (7)
SUBTYPE GROUP C
SUBTYPE: Blyde Canyon Dry Afromontane Forest (8)
SUBTYPE: Foothills Mistbelt Forest (9)
V Scarp Forest Group
V1 TYPE: Eastern Scarp Forest
SUBTYPE GROUP D
SUBTYPE: Mapulaneng Scarp Forest (10)
SUBTYPE: Barberton Scarp Forest (Mucina et al., 2007) (11)
SUBTYPE GROUP E
SUBTYPE: Blyde Scarp Forest (12)
SUBTYPE: Escarpment Riverine Forest (13)
SUBTYPE: Legogote Scarp (Mucina et al., 2007) (14)4. Results
4.1. General patterns
4.1.1. Taxonomic overview of Mpumalanga forest ﬂora
To describe the taxonomic diversity recorded, a total of 619 plant
species were identiﬁed within the 434 relevés, which included 362
shrubs and trees. These counts exclude 13 alien species and 10 species
that could not be identiﬁed beyond the genus level (usually sterile
plants). We characterise the vegetation based on characteristics which
refer to form (structural characteristics, physiognomy) and position in
the taxonomic system (species composition, families; Werger and
Sprangers, 1982). From the data collected on the forests in Mpumalan-
ga, a total of 125 plant families were identiﬁed. In descending order of
abundance, the dominant families include: Rubiaceae (33 plant spe-
cies), Fabaceae (26), Celastraceae (25), Orchidaceae (23), Euphorbiace-
ae (22), Aspleniaceae (21), Apocynaceae (20), Asteraceae (18)
Lamiaceae (17) and Acanthaceae (14).
A total of 375 genera were identiﬁed, of which only two contained
more than 10 plant species. The dominant genera are: Asplenium (21),
Searsia (11), Asparagus (7), Cheilanthes (7), Streptocarpus (7),
Plectranthus (7), Solanum (7), Maytenus (7), Diospyros (6), Pavetta (6),
Combretum (6) and Gymnosporia (6). As many as 262 genera (70%)
are represented by a single taxon only.
Just over half (51% of the 619 species) of all species identiﬁed are ob-
ligate forest species, but when assessed in terms of species occurrences
recorded (out of a total of 19,434 records), the proportion of obligate
forest species increases to 76% and the number of facultative forest spe-
cies decreases to 24%. Leaf retention or leaf-fall is a common structural
characteristic to distinguish evergreen and deciduous forests (Chytrý
and Rafajová, 2003; Lötter and Beck, 2004; Mucina et al., 2006; Small
and McCarthy, 2002; von Maltitz et al., 2003). An assessment of all for-
est relevé cover data revealed that 80% of the tree cover is evergreen
(75% of all species occurrences), 14% is deciduous (16% of all occur-
rences), and 6% are semi-deciduous (9% of all occurrences). Semi-
deciduous trees lose some of their leaves but not all at once so the
tree is never totally without leaves.4.1.2. Classiﬁcation of the plot data
The classiﬁcation created 14 forest subtypes nested within the
existing NFC hierarchy. This hierarchy is presented in Table 1. Within
the Northern Afrotemperate Group, four subtypes now occur within
the Northern Highveld Forest Type, with the forest patches around
Wakkerstroom, previously classiﬁed under Low Escarpment Mistbelt
Forest Type, now also falling under the Northern Highveld Forest
Type. This is the only proposed change to the current NFC. Within the
NFC Northern Mistbelt Group, ﬁve subtypes now occur within the
Mpumalanga Mistbelt Forest Type. Within the Scarp Forest Group, ﬁve
subtypes are recognisedwithin the Eastern Scarp Forest Type, which in-
clude community concepts and nomenclature from the Eastern Scarp
classiﬁcation into subtypes (Mucina et al., 2007). No forest relevés
were placed within the azonal Lowveld Riverine Forest Type.
Table 1 presents the proposed forest hierarchy which includes the
proposed forest subtypes; Fig. 1 shows the location of the various
forest subtypes. The relationships between the forest subtypes and the
forest types is explored in terms of a dendrogram (Fig. 2) and a two-
dimensional NMDS graph (Fig. 3). Visual analysis of both ﬁgures sup-
port the proposed classiﬁcation.
Synoptic tables are presented based on species frequency (Table 2)
and ﬁdelity values (Table S1 in SupplementaryMaterial). Fidelity values
informed diagnostic species which are in black font (Table 3) and only
diagnostic species are included in Table S1, which are based on ﬁdelity
values. From the ordered synoptic table it is clear that diagnostic species
can be recognised for both subtypes and subtype groupings, yet there is
also clearly an overlap in species between these groups. The reasons for
this are not further explored in this paper, however we anticipate that
connectivity or adjacency, as well as biogeography may be responsible.
Uniqueness values (with a phi ﬁdelity (Φ) threshold value of at least
25) indicate that the Escarpment Riverine and Legogote Scarp Forests
are themost unique, sharing few species with any of the other subtypes.
Foothills Mistbelt Forest is the least unique, sharing several species with
other units. The units are considered to be sufﬁciently unique at the
level of subtypes.
Fig. 1. Location and classiﬁcation of the 434 forest relevés used to determine forest subtypes for Mpumalanga Province. Symbols represent the different proposed forest subtypes.
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in Mpumalanga
An analysis of species richness, broad taxonomic groupings, forest
dependency, leaf retention and diversity within families and genera
for each of the 14 forest subtypes is presented in Table 3. The 17 most
species rich plant families and genera are ranked in descending order
of abundance. There was greater variation in the rankings of the genera
than families, but themore consistently higher ranking genera included
Asplenium, Asparagus, Rhoicissus, Searsia,Maytenus and Ficus. An analy-
sis of the broad taxonomic groups highlighted the important contribu-
tion that ferns make towards species composition, with 53 species
recorded within Mariepskop Mistbelt Forest, and 50 species within
Long TomMistbelt Forest (25% and 21% of respective total species com-
position). All forest subtypes contained fern species. Across all foresttypes, the dicotyledoneous plants are consistently the largest broad
taxonomic grouping.
An analysis of forest dependent species for each forest type revealed
that the highest proportion of obligate species is found in Barberton
Mistbelt Forest (78%). This was closely followed by Long Tom Mistbelt,
MariepskopMistbelt, and Foothills Mistbelt. The subtypeswith the low-
est proportion of obligate species were Legogote Scarp, Blyde Scarp,
Northern Highveld Kloof, and Escarpment Riverine. A comparison of
leaf retention revealed that Mariepskop Mistbelt has the highest pro-
portion of evergreen tree cover at 90%, followed by Longtom Mistbelt
and Barberton Mistbelt. Legogote Scarp had the highest proportion of
deciduous tree cover.
Fig. 4 summarises the broad forest growth form categories for each
subtype as well as a summary across all subtypes (bottom right-hand
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Fig. 2. Forest subtype cluster dendrogram where cluster numbers refer to the proposed
subtypes: 1) Eastern Dry Afrotemperate Forest, 2) Wakkerstroom Midlands Forest;
3) Lydenburg Kloof Forest; 4) Northern Highveld Kloof Forest; 5) Mariepskop Mistbelt
Forest; 6) Long Tom Mistbelt Forest; 7) Barberton Mistbelt Forest; 8) Blyde Canyon
Dry Afromontane Forest; 9) Foothills Mistbelt Forest; 10) Mapulaneng Scarp Forest;
11) Barberton Scarp Forest; 12) Blyde Scarp Forest; 13) Escarpment Riverine Forest; and
14) Legogote Scarp Forest.
41M.C. Lötter et al. / South African Journal of Botany 90 (2014) 37–51graph). This enables each subtype to be compared with the mean of all
forest subtypes. The general pattern expressed is relatively similar. The
tree category dominates all forest subtypes with shrubs, climbers and
herbs all similar in their occurrence values. The subtypes with a dispro-
portionate number of growth form categories are: MariepskopMistbelt
forest (epiphytes), Mpumalanga Escarpment Riverine forest (both
graminoids and herbs), Blyde Canyon Dry Afromontane (trees), Blyde
Scarp and Legogote Scarp forests (shrubs), Northern Highveld Kloof
and Lydenburg Kloof forests (herbs).
In Fig. S2 (in Supplementary Material), the mean value across all
subtypes is presented in the right-handmost stacked bar. In descending
order of abundance, themost dominant growth form subcategories are:
small trees (31%), tall trees (16%), tall shrubs (11%), herbs (9%), woody
climbers (8%), herbaceous climbers (6%), geophytic herbs (5%),
graminoids (5%), epiphytes (3%), low shrubs (3%), soft shrubs (1.5%),
succulent herbs (0.7%), succulent trees (0.5%), graminoid climbers
(0.2%), aquatic herbs (0.2%) and tree-ferns (0.1%).-2 -1 0
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Fig. 3. A two-dimensional NMDS ordination graph based on dissimilarity measure — Bray–Cu
Envelopes, centroids and spider-plots are used to deﬁne each forest subtype for easier visuali
Afrotemperate Forest, 2) Wakkerstroom Midlands Forest; 3) Lydenburg Kloof Forest; 4) North
7) Barberton Mistbelt Forest; 8) Blyde Canyon Dry Afromontane Forest; 9) Foothills Mistbelt F
13) Escarpment Riverine Forest; and 14) Legogote Scarp Forest.4.2. Description of the subtypes
The forest subtypes are brieﬂy described in terms of their distribu-
tion, taxonomy and physiognomy (Figs. 4 and S2). Species highlighted
in bold have exceeded one of several upper threshold limits. Diagnostic
species/taxa are calculated based on a minimum ﬁdelity threshold value
of 25 and anupper threshold of 35 (bold highlighted text). Constant spe-
cies/taxa are those species with a frequency occurrence of more than
65% (with upper threshold of 75%).Dominant species/taxa are those spe-
cies with a frequency occurrence of more than 10% and with a cover
threshold of more than 15% (upper threshold of 25%). Dg stands for Di-
agnostic, Dm stands for Dominant, and C stands for Constant species.
A detailed taxonomic and physiognomic assessment for each forest
subtype is provided in Table 3.
4.2.1. Northern Highveld forest subtypes
Four proposed forest subtypes (1–4) are recognised within the
Northern Highveld Forest Type. These subtypes are represented by 77
relevés and 327 species.
4.2.1.1. Eastern Dry Afrotemperate Forest Subtype. Occurring in the east-
ern half of Mpumalanga in the rain shadow of the Mpumalanga escarp-
ment, these forests are naturally drier than the Mistbelt forests and fall
outside the mistbelt area. Elevation of relevé data ranges between 1160
and 1700 m above sea level. This unit has a high total ﬂora list of 241
species, with intermediate relevé richness (45 species per relevé).
Climbers make up 16% of growth forms. The proportion of obligate
forest species is somewhat low (60%) while leaf retention values are
71% for evergreens and 22% for deciduous plants. Dominant families
include Rubiaceae, Celastraceae, Apocynaceae, Fabaceae, Aspleniaceae,
Flacourtiaceae and Rutaceae. Dominant genera include Asplenium,
Asparagus, Rhoicissus, Searsia and Canthium.
4.2.1.1.1. Diagnostic taxa. Cassinopsis ilicifolia, Chionanthus
foveolatus subsp. foveolatus (C, Dm), Grewia occidentalis, Gymnosporia
harveyana (C, Dm), Harpephyllum caffrum, Ekebergia capensis,
Pleurostylia capensis, Trimeria grandifolia (C); Aloe dyeri, Asparagus
virgatus (C), Doryopteris concolor, Mystacidium capense,
Schoenoxiphium lehmannii, Senecio deltoideus.1 2
DS1
1
4
10
11
12
13 14
rtis dissimilarity measure showing relationships between the proposed forest subtypes.
sation and assessment. Centroid numbers refer to the proposed subtypes: 1) Eastern Dry
ern Highveld Kloof Forest; 5) Mariepskop Mistbelt Forest; 6) Long Tom Mistbelt Forest;
orest; 10) Mapulaneng Scarp Forest; 11) Barberton Scarp Forest; 12) Blyde Scarp Forest;
Table 2
Ordered synoptic table of theMpumalanga forest subtype classiﬁcation. Diagnostic species (Φ ﬁdelity thresholds) are in black, non-diagnostic species are in grey. Species are clustered into
artiﬁcial groups (A–E) to aid interpretation and relationships characterising the subtypes (ST1–ST14) and/or the clusters of subtypes. Species are ranked by decreasing values of frequency.
Subtype (ST) identiﬁers refer to the proposed forest subtypes: 1 Eastern Dry Afrotemperate Forest, 2WakkerstroomMidlands Forest; 3 Lydenburg Kloof Forest; 4 NorthernHighveld Kloof
Forest; 5 MariepskopMistbelt Forest; 6 Long TomMistbelt Forest; 7 Barberton Mistbelt Forest; 8 Blyde Canyon Dry Afromontane Forest; 9 Foothills Mistbelt Forest; 10Mapulaneng Scarp
Forest; 11 Barberton Scarp Forest; 12 Blyde Scarp Forest; 13 Escarpment Riverine Forest; and 14 Legogote Scarp Forest. Growth form (GF) categories refer to C = Climber, E = Epiphyte,
G = Graminoid, H = Herb, S = Shrub, T = tree. An * indicates a taxon described in Schmidt et al. (2002).
Forest subtypes Groups GF ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 ST9 ST10
ST
11
ST
12
ST
13
ST
14
No. of relevés 36 17 14 10 68 118 59 10 35 14 36 5 4 8
No. of diagnostic species (Φ >25) 13 32 33 37 36 19 31 44 15 19 30 36 46 64
No. of species in synoptic columns (Φ > 2) 59 42 40 42 74 78 56 48 31 34 67 36 46 65
Average no. of species per relevé 45 41 33.5 34.4 43 48.8 45 70.2 38.6 48.9 41.8 44.4 42.3 44.6
Uniqueness for the fidelity cut level: (Φ >25) 0.6 0.8 0.74 0.85 0.7 0.63 0.8 0.68 0.41 0.55 0.63 0.66 0.91 0.9
New codes of the preliminary subtype groups A A A A B B B C C D D E E E
Pachystigma macrocalyx                            A T 3 . . 70 . . . . . . . . . .
Pavetta gardeniifolia                             A S 3 . . 70 . . . . . . . . . .
Buddleja saligna                                  A T 3 . 7 10 . . . . . . . . . .
Blechnum australe                                 A H 11 . 29 . . . . . . . . . . .
Acokanthera oppositifolia                         A S 3 . . 10 . . . . . . . . . .
Hypoestes triflora                                A H 6 6 . . . . . . . . . . . .
Streptocarpus polyanthus        A E 8 . 14 . . . . . . . . . . .
Acacia caffra                                     A T 3 . 14 . . . . . . . . . . .
Solanum lichtensteinii                            A S 3 35 7 . . . . . . . . . . .
Leucosidea sericea                                A T . 6 29 . . . . . . . . . . .
Gymnosporia buxifolia                             A T . 6 14 . . . . . . . . . . .
Pteris dentata                                    A H . 6 7 30 . . . . . . . . . .
Diospyros lycioides subsp. guerkei                     A S . . 21 40 . . . . . . . . . .
Asplenium adiantum-nigrum var. adiantum-nigrum      A H . . 21 20 . . . . . . . . . .
Mystacidium capense                               A E 11 . . . . . . . . . . . . .
Aloe barberiae A T 6 . . . . . . . . . . . . .
Carex mossii        A G 6 . . . . . . . . . . . . .
Senecio pleistocephalus                           A C 3 . . . . . . . . . . . . .
Commiphora harveyi                                A T 3 . . . . . . . . . . . . .
Zantedeschia albomaculata subsp. albomaculata          A H 3 . . . . . . . . . . . . .
Littonia modesta                                  A H 3 . . . . . . . . . . . . .
Elaeodendron zeyheri                              A T 3 . . . . . . . . . . . . .
Cyphostemma woodii      A C 3 . . . . . . . . . . . . .
Buddleja dysophylla                               A S . 41 . . . . . . . . . . . .
Streptocarpus pentherianus                        A H . 35 . . . . . . . . . . . .
Diaphananthe caffra       A E . 18 . . . . . . . . . . . .
Mystacidium flanaganii                            A E . 12 . . . . . . . . . . . .
Rubus rigidus                                     A S . 12 . . . . . . . . . . . .
Huttonaea fimbriata        A H . 6 . . . . . . . . . . . .
Polystachya pubescens                             A E . 6 . . . . . . . . . . . .
Ehrharta erectavar. natalensis                      A G . . 29 . . . . . . . . . . .
Sparrmannia ricinocarpa     A S . . 14 . . . . . . . . . . .
Acacia karroo                                     A T . . 7 . . . . . . . . . . .
Searsia dentata                                      A S . . 7 . . . . . . . . . . .
Aeollanthus buchnerianus    A H . . . 30 . . . . . . . . . .
Solanum retroflexum                               A S . . . 30 . . . . . . . . . .
Searsia pallens A T . . . 30 . . . . . . . . . .
Cyathula uncinulata                               A H . . . 30 . . . . . . . . . .
Solanum giganteum                                 A S . . . 30 . . . . . . . . . .
Solanum pseudocapsicum                            A S . . . 20 . . . . . . . . . .
Searsia leptodictya                                  A T . . . 20 . . . . . . . . . .
Searsia pyroides var. pyroides                          A T . . . 20 . . . . . . . . . .
Maytenus albata                                   A T . . . 20 . . . . . . . . . .
Cussonia paniculata A T . . . 20 . . . . . . . . . .
Searsia gerrardii                                    A S . . . 10 . . . . . . . . . .
Cyanotis lapidosa                                 A H . . . 10 . . . . . . . . . .
Plectranthus hereroensis                          A H . . . 10 . . . . . . . . . .
Haemanthus humilis subsp. hirsutus                      A H . . . 10 . . . . . . . . . .
Disperis micrantha                                A H . . . 10 . . . . . . . . . .
Combretum erythrophyllum                          A T . . . 10 . . . . . . . . . .
Croton gratissimus var. gratissimus A T . . . 10 . . . . . . . . . .
Euphorbia ingens                                  A T . . . 10 . . . . . . . . . .
Afrocanthium mundianum                           AE S 3 6 . 50 . . . . . . . 40 50 .
Plectranthus verticillatus                        AE H 11 . 14 . . . . . . . . . 25 .
Argyrolobium tomentosum                           AE S 6 6 . . . . . . . . . . 25 .
Zanthoxylum capense AE T 11 . . 10 . . . . . . . 20 . .
Capparis fascicularis var. fascicularis             AE C 6 . . 10 . . . . . . . 40 . 13
Dovyalis zeyheri AE T 6 . . 40 . . . . . . . 20 . .
Diospyros natalensis subsp. nummularia AE T 3 . . . . . . . . . . . . 100
Triumfetta pilosa                                 AE S 3 . . . . . . . . . . 20 . .
Tacazzea apiculata AE C 3 . . . . . . . . . . . 25 .
Secamone filiformis                               AE C 3 . . . . . . . . . . 40 . 13
Searsia pentheri AE T 3 . . . . . . . . . . 20 . .
Olea europaea subsp. africana AE T 6 . . . . . . . . . . . 25 .
Chaetachme aristata AE T 6 . . . . . . . . . . . 25 25
Asplenium cordatum                                AE H 8 . . . . . . . . . . . . 13
Ziziphus mucronata subsp. mucronata                    AE T . 6 . . . . . . . . . 20 . .
Tetradenia riparia                                AE S . . . 20 . . . . . . . 20 . .
Ficus ingens AE T . . . 20 . . . . . . . 20 25 25
Equisetum ramosissimum                            AE H . . . 10 . . . . . . . 40 . .
Dombeya rotundifolia     AE T . . . 20 . . . . . . . 20 . .
Combretum molle                                   AE T . . . 10 . . . . . . . 20 . 75
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Celtis africana (Dm), Chionanthus foveolatus subsp. foveolatus (Dg, Dm),
Clausena anisata, Combretum kraussii (Dm), Diospyros whyteana
(Dm), Gymnosporia harveyana (Dg, Dm), Scolopia mundii, Secamone
alpini, Trimeria grandifolia (Dg), Zanthoxylum davyi; Asparagus virgatus
(Dg), Oplismenus hirtellus (Dm).
4.2.1.1.3. Dominant taxa. Apodytes dimidiata, Celtis africana (C),
Chionanthus foveolatus subsp. foveolatus (Dg, C), Combretum kraussii (C),
Cryptocarya woodii, Diospyros whyteana (C), Gymnosporia harveyana
(Dg,C),Olinia emarginata, Searsia lucida,Xymalosmonospora;Oplismenus
hirtellus (C).
4.2.1.2. Wakkerstroom Midlands Forest Subtype. Occurring in the higher
altitudes of southern Mpumalanga escarpment, it has a ﬂora list of 158
species with an average of 42 species per relevé. Elevation of relevé
data ranges between 1400 and 1710 m above sea level. The tree growth
form is themost abundant (44%), followed by herbs (19%) and climbers
(15%). Although 66% of all species are obligate forest species, this forest
subtype has the lowest proportion of evergreen canopy (59%) out of
all the Mistbelt and Afrotemperate forest types. The dominant families
are Rubiaceae, Orchidaceae, Aspleniaceae, Celastraceae and Fabaceae.
Dominant genera include Asplenium, Canthium, Plectranthus, Scolopia,
Polystichum and Pteris.
4.2.1.2.1. Diagnostic taxa. Allophylus africanus (C, Dm), Buddleja
dysophylla, Choristylis rhamnoides, Clausena anisata (C, Dm),
Clerodendrum glabrum, Cryptocarya woodii (Dm), Cussonia
sphaerocephala (C, Dm), Dais cotinifolia (C), Dovyalis rhamnoides,
Gymnosporia harveyana (C, Dm), Kiggelaria africana, Pavetta cooperi,
Podocarpus latifolius (C, Dm), Searsia chirindensis (C, Dm), Rubus
rigidus, Scolopia mundii (C, Dm), Scolopia oreophila, Scutia myrtina,
Solanum lichtensteinii, Zanthoxylum davyi (C); Asplenium varians,
Cheilanthes hirta var. nemorosa, Crocosmia aurea var. aurea (C),
Cyrtorchis arcuata, Diaphananthe caffra, Laportea peduncularis,
Mystacidium ﬂanaganii, Mystacidium venosum, Plectranthus
grallatus, Sanicula elata, Streptocarpus pentherianus, Thalictrum
rhynchocarpum.
4.2.1.2.2. Constant taxa. Allophylus africanus (Dg, Dm), Carissa
bispinosa subsp. zambesiensis, Clausena anisata (Dg, Dm), Cussonia
sphaerocephala (Dg, Dm), Dais cotinifolia (Dg), Diospyros whyteana,
Gymnosporia harveyana (Dg, Dm), Podocarpus latifolius (Dg, Dm),
Searsia chirindensis (Dg, Dm), Scolopia mundii (Dg, Dm), Secamone
alpini, Zanthoxylum davyi (Dg); Asparagus setaceus, Crocosmia aurea
var. aurea (Dg), Cyperus albostriatus.
4.2.1.2.3. Dominant species. Allophylus africanus (Dg, C), Celtis
africana, Clausena anisata (Dg, C), Cryptocarya woodii (Dg), Cussonia
sphaerocephala (Dg, C), Gymnosporia harveyana (Dg, C), Podocarpus
latifolius (Dg, C), Searsia chirindensis (Dg, C), Scolopia mundii (Dg, C),
Xymalos monospora.
4.2.1.3. Lydenburg Kloof Forest Subtype. Situated in the cold and dry
Lydenburg catchment area, this forest has one of the lowest ﬂora lists
(112 species) and lowest number of species recorded per relevé
(34 on average). Elevation of relevé data ranged between 1550 and
1980 m above sea level. The tree growth form has the highest propor-
tion of species at 46% and herbs 22% (higher than the average value
of 14% across all subtypes). Lydenburg Kloof forest has a higher propor-
tion of obligate forest species (49%) than closely related Northern Kloof
forests (34%). The canopy is built by evergreen species (85%). Dominant
families include Celastraceae, Asparagaceae, Lamiaceae andBuddlejaceae.
Dominant genera include Asplenium, Asparagus, Searsia, Maytenus and
Plectranthus.
4.2.1.3.1. Diagnostic taxa. Acacia caffra, Buddleja auriculata,
Cassinopsis ilicifolia, Clematis brachiata (C), Euclea crispa subsp. crispa
(Dm), Greyia radlkoferi, Gymnosporia buxifolia, Heteromorpha
arborescens var. abyssinica, Kiggelaria africana, Leucosidea sericea,
Maytenus deﬂexa (C, Dm), Olinia emarginata (C, Dm), Pavetta kotzei,Pittosporum viridiﬂorum (C, Dm), Rhamnus prinoides (C), Searsia
lucida, Searsia pyroides var. gracilis (C), Scolopia mundii (C, Dm);
Achyranthes aspera var. aspera (C), Adiantum poiretii (C), Asparagus
aethiopicus, Asparagus sp. nov. (A. robustus), Asparagus virgatus (C),
Asplenium adiantum-nigrum var. adiantum-nigrum, Asplenium
aethiopicum, Blechnum australe, Dryopteris inaequalis (C),
Ehrharta erecta var. natalensis, Hypoestes aristata var. alba,
Pleopeltis macrocarpa, Pteris cretica, Sparrmannia ricinocarpa,
Streptocarpus polyanthus subsp. comptonii.
4.2.1.3.2. Constant taxa. Clematis brachiata (Dg), Diospyros
whyteana (Dm), Maytenus deﬂexa (Dg, Dm), Olinia emarginata
(Dg, Dm), Pittosporum viridiﬂorum (Dg, Dm), Rhamnus prinoides
(Dg), Searsia pyroides var. gracilis (Dg), Scolopia mundii (Dg,
Dm); Achyranthes aspera var. aspera (Dg), Adiantum poiretii
(Dg), Asparagus virgatus (Dg), Dryopteris inaequalis (Dg).
4.2.1.3.3. Dominant taxa. Diospyros whyteana (C), Euclea crispa
subsp. crispa (Dg), Gymnosporia harveyana, Maytenus deﬂexa (Dg,
C), Maytenus peduncularis, Olinia emarginata (Dg, C), Pittospo-
rum viridiﬂorum (Dg, C), Pterocelastrus rostratus, Rapanea
melanophloeos, Scolopia mundii (Dg, C).4.2.1.4. Northern Highveld Kloof Forest Subtype. This subtype occurs to
thewest of theMpumalanga Escarpment and stretches across the cold
highveld to theMagaliesberg. Elevation of relevé data ranged between
1320 and 1730 mabove sea level. It has a low total ﬂora list of 117 spe-
cies with only 34 species per relevé on average. Only 34% of recorded
ﬂora are obligate forest species. Furthermore, only 69% of the canopy is
evergreen. When compared to other forest types, however, the
proportion of species in the herb layer is high (19%). Dominant fami-
lies include Anacardiaceae, Rubiaceae, Buddlejaceae, Pteridaceae and
Lamiaceae. Dominant genera include Searsia, Pteris, Solanum, Buddleja
and Ficus.
4.2.1.4.1. Diagnostic taxa. Aloe arborescens, Buddleja auriculata
(C), Afrocanthium mundianum, Celtis africana (C, Dm), Cussonia
paniculata, Diospyros lycioides subsp. guerkei, Dombeya rotundifolia,
Dovyalis zeyheri, Halleria lucida (C), Ilex mitis (C, Dm), Maerua cafra,
Maytenus albata, Myrsine africana (C), Nuxia congesta (C), Olinia
emarginata (C,Dm),Pachystigmamacrocalyx (C),Pavetta gardeniifolia
(C), Searsia leptodictya, Searsia pallens, Searsia pyroides var. gracilis,
Searsia pyroides var. pyroides, Rothmannia capensis (C, Dm), Solanum
giganteum, Solanum retroﬂexum, Tetradenia riparia; Achyranthes aspera
var. aspera (C), Aeollanthus buchnerianus, Asplenium adiantum-nigrum
var. adiantum-nigrum, Blechnum attenuatum var. giganteum, Cyathula
uncinulata, Cyphostemma cirrhosum, Dicliptera clinopodia, Dioscorea
retusa, Kalanchoe rotundifolia, Mikania capensis, Pteris dentata,
Solanum pseudocapsicum.
4.2.1.4.2. Constant taxa. Buddleja auriculata (Dg), Celtis africana
(Dg, Dm), Clausena anisata (Dm), Diospyros whyteana (Dm),
Halleria lucida (Dg), Ilex mitis (Dg, Dm), Myrsine africana (Dg),
Nuxia congesta (Dg), Olinia emarginata (Dg, Dm), Pachystigma
macrocalyx (Dg), Pavetta gardeniifolia (Dg), Rothmannia capensis
(Dg, Dm); Achyranthes aspera var. aspera (Dg), Cyperus albostriatus
(Dm).
4.2.1.4.3. Dominant taxa. Acalypha glabrata, Celtis africana (Dg,
C), Clausena anisata (C), Diospyros whyteana (C), Ilex mitis (Dg,
C), Maytenus deﬂexa, Mimusops zeyheri, Olinia emarginata (Dg, C),
Psydrax obovata subsp. elliptica, Searsia chirindensis, Rothmannia
capensis (Dg, C), Scolopia zeyheri; Cyperus albostriatus (C), Dietes
iridioides.4.2.2. Mpumalanga Mistbelt forest subtypes
Five proposed forest subtypes (5–9) are recognised within the
Mpumalanga Mistbelt Forest Type. These subtypes are represented by
290 relevés and 366 species.
Table 3
Taxonomic and functional assessment of each forest subtype. An analysis of species richness, broad taxonomic groups, leaf retention of tree species, forest dependency, and 17 of the most species rich families and genera are provided for each forest
subtype.
Eastern dry
Afrotemperate
Wakkerstroom
Midlands
Lydenburg
Kloof
Northern
Highveld Kloof
Mariepskop
Mistbelt
Long Tom
Mistbelt
Barberton
Mistbelt
Blyde Canyon Dry
Afromontane
Foothills
Mistbelt
Mapulaneng
Scarp
Barberton
Scarp
Blyde
Scarp
Escarpment
Riverine
Legogote
Scarp
Relevés (N) 36 17 14 10 68 118 59 10 35 14 36 5 4 8
No. of species (S) 241 158 112 117 216 241 191 168 175 179 229 117 99 113
Average species richness 44 41 34 34 43 49 45 70 39 49 42 44 42 45
Broad taxonomic groups (as % of species list)
Pteridophyta 10% 15% 15% 13% 25% 21% 13% 13% 12% 9% 9% 3% 7% 4%
Gymnosperms 0% 1% 0% 0% 1% 1% 1% 1% 1% 0% 0% 0% 1% 0%
Monocotyledons 13% 15% 13% 14% 13% 11% 12% 9% 12% 12% 12% 12% 13% 11%
Dicotyledons 76% 69% 72% 74% 62% 68% 74% 77% 75% 78% 78% 85% 79% 85%
Forest dependency (% of tree species)
Facultative 40% 34% 51% 66% 28% 28% 22% 33% 31% 37% 34% 68% 64% 73%
Obligate 60% 66% 49% 34% 72% 72% 78% 67% 69% 63% 66% 32% 36% 27%
Seasonality of tree species (measured in terms of occurrence records)
Deciduous 27% 22% 24% 30% 5% 12% 13% 15% 17% 29% 23% 36% 25% 44%
Evergreen 61% 67% 71% 65% 90% 80% 79% 76% 75% 57% 65% 47% 65% 49%
Semi-deciduous 12% 11% 6% 5% 5% 9% 8% 9% 7% 14% 12% 17% 11% 7%
Family
Rubiaceae 19 13 4 6 14 16 14 14 17 13 19 9 7 4
Celastraceae 11 7 7 3 9 10 9 9 5 3 8 4 2 5
Aspleniaceae 7 9 5 2 15 17 9 4 9 4 5 0 0 1
Fabaceae 8 7 4 3 3 6 3 7 5 10 9 9 7 6
Apocynaceae 9 4 2 3 5 5 6 4 8 3 10 7 3 5
Flacourtiaceae 7 6 4 4 6 6 9 6 3 6 7 4 2 2
Asteraceae 5 2 2 2 3 8 4 4 5 8 3 6 4 0
Euphorbiaceae 2 1 4 3 5 2 3 7 11 7 4 6
Rutaceae 7 4 2 3 3 4 5 5 3 2 6 3 3 1
Pteridaceae 5 6 4 5 3 5 4 2 2 3 5 2 1 3
Anacardiaceae 6 2 3 6 4 4 3 4 3 3 3 3 2 3
Asparagaceae 5 2 5 3 4 4 4 3 3 4 4 3 0 3
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Cyperaceae 5 2 3 2 2 5 4 3 6 2 5 3 4 1
Lamiaceae 5 4 4 4 4 5 4 2 3 4 2 2 2 2
Oleaceae 5 3 1 1 5 4 3 5 6 4 5 0 1 4
Poaceae 3 3 2 3 4 5 4 3 4 3 4 5 3 1
Orchidaceae 5 10 1 1 9 5 2 0 1 0 5 0 1 3
Acanthaceae 6 1 2 1 3 2 4 3 3 4 5 0 2 3
Ebenaceae 4 3 3 2 2 2 2 3 2 4 3 3 2 3
Vitaceae 4 2 2 3 2 3 2 3 3 4 3 3 1 3
Dryopteridaceae 3 4 4 1 5 8 3 2 1 1 2 0 0 0
Buddlejaceae 4 2 4 5 3 5 2 1 2 2 2 1 0 0
Myrtaceae 2 0 0 0 4 2 2 3 4 6 4 3 1 2
Sapotaceae 2 1 0 2 3 1 3 2 3 4 5 3 1 2
Moraceae 3 2 0 3 2 1 1 1 2 3 3 3 4 3
Piperaceae 3 2 2 1 3 3 3 3 3 2 2 1 0 1
Genera
Asplenium 7 9 5 2 15 17 9 4 9 4 5 0 0 1
Asparagus 4 2 4 3 3 4 4 3 3 4 4 3 0 3
Rhoicissus 4 2 2 3 2 3 2 3 3 4 3 3 1 3
Searsia 4 1 3 6 3 4 1 3 2 2 1 2 1 1
Maytenus 3 2 3 2 4 3 3 3 2 1 3 2 1 1
Ficus 3 2 0 3 2 1 1 1 2 3 2 3 4 3
Ochna 3 1 0 1 3 2 2 2 3 2 4 3 1 1
Plectranthus 3 3 3 2 3 4 2 2 2 2 1 0 1 0
Canthium 3 3 1 0 3 3 2 3 3 1 1 1 0 0
Cyperus 2 1 2 1 2 2 2 2 2 2 2 2 1 1
Combretum 2 1 0 2 2 2 2 2 2 2 2 2 0 2
Peperomia 2 2 2 1 2 2 2 3 2 1 1 1 0 1
Pteris 2 3 2 3 1 2 2 1 1 2 2 0 1 0
Pavetta 3 2 1 1 2 3 2 1 2 1 3 0 0 0
Gymnosporia 3 2 2 0 1 1 2 1 1 1 3 1 0 2
Scolopia 2 3 2 1 2 2 2 2 0 1 2 0 0 1
Secamone 3 1 1 1 1 2 2 1 1 1 2 2 0 2
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along the summit of the Graskop escarpment, coming up from the
lowveld where it largely follows the Black Reef quartzite geological
formation. Elevation of relevé data ranged between 1330 and 1830 m
above sea level. This subtype has a total ﬂora list of 216 species with
43 species per plot on average. Ferns account for 25% of all species
surveyed. An analysis of growth forms reveals that this forest subtype
also contains the highest proportion of epiphytes (11%). The number
of obligate forest species is very high at 72% (value shared with
Long Tom Mistbelt Forest). The tree layer is strongly evergreen
(93%), which is higher than any other forest subtype. Dominant
families include Aspleniaceae, Rubiaceae, Celastraceae, Orchidaceae
and Flacourtiaceae. Dominant genera include Asplenium, Asparagus,
Maytenus, Hymenophyllum and Searsia.
4.2.2.1.1. Diagnostic taxa. Cassipoureamalosana (C,Dm), Combretum
edwardsii, Alsophila capensis, Jasminum abyssinicum, Maytenus sp. A,
Ochna arborea var. oconnorii (C), Ocotea bullata, Olea capensis subsp.
macrocarpa (C, Dm), Olinia radiata, Oxyanthus speciosus subsp.
gerrardii (C), Pavetta inandensis (C), Podocarpus latifolius (C, Dm),
Psychotria capensis (C), Psychotria zombamontana (C,Dm), Sclerochiton
harveyanus (C, Dm), Syzygium gerrardii (C, Dm), Vaccinium exul,
Vernonia wollastonii; Asplenium boltonii, Asplenium friesiorum,
Asplenium rutifolium (C), Blotiella natalensis, Clivia caulescens (Dm),
Disperis fanniniae, Drimia robusta, Elaphoglossum acrostichoides,
Elaphoglossumaubertii, Elaphoglossummacropodium,Hymenophyllum
tunbrigense, Huperzia dacrydioides, Peperomia tetraphylla, Plectranthus
rubropunctatus, Rumohra adiantiformis, Solenostemon latifolius,
Streptocarpus micranthus, Vittaria isoetifolia.
4.2.2.1.2. Constant taxa. Cassipourea malosana (Dg, Dm), Ochna
arborea var. oconnorii (Dg), Olea capensis subsp. macrocarpa (Dg,
Dm), Oxyanthus speciosus subsp. gerrardii (Dg), Pavetta inandensis
(Dg), Peddiea africana, Podocarpus latifolius (Dg, Dm), Psychotria
capensis (Dg), Psychotria zombamontana (Dg, Dm), Rothmannia
capensis, Sclerochiton harveyanus (Dg, Dm), Syzygium gerrardii (Dg,
Dm), Xymalos monospora (Dm); Asplenium rutifolium (Dg), Behnia
reticulata, Oplismenus hirtellus.
4.2.2.1.3. Dominant taxa. Cassipourea malosana (Dg, C), Olea capensis
subsp. macrocarpa (Dg, C), Podocarpus latifolius (Dg, C), Psychotria
zombamontana (Dg, C), Pterocelastrus rostratus, Sclerochiton harveyanus
(Dg, C), Syzygium gerrardii (Dg, C), Xymalos monospora (C); Clivia
caulescens (Dg).
4.2.2.2. Long TomMistbelt Forest Subtype. This unit occurs along the Long
Tom Pass escarpment, from Pilgrim's Rest to the Kaapsehoop area.
Elevation of relevé data ranged between 1300 and 1870 m above sea
level. This forest subtype has 241 identiﬁed species, with 49 species
per relevé on average. The analysis of broad taxonomic groups revealed
that 21% of recorded plants were ferns. Unlike the Mariepskop Mistbelt
Forest Subtype, only 4% of the ﬂora are epiphytes, while 72% comprises
obligate forest species. This forest subtype has the second highest value
for evergreenness (87%). Dominant families include Aspleniaceae,
Rubiaceae, Celastraceae, Asteraceae and Flacourtiaceae. Dominant genera
include Asplenium, Polystichum, Asparagus, Plectranthus and Searsia.
4.2.2.2.1. Diagnostic taxa. Canthium kuntzeanum, Cassine peragua,
Chionanthus foveolatus subsp. major (Dm), Cryptocarya transvaalensis
(C, Dm), Dovyalis lucida (C), Hippocratea longipetiolata, Jasminum
abyssinicum (C), Lauridia tetragona, Maytenus acuminata var.
acuminata, Pavetta kotzei, Psychotria zombamontana (C, Dm), Rapanea
melanophloeos (C, Dm), Tylophora ﬂanaganii, Xymalos monospora
(C, Dm); Asplenium erectum var. erectum, Asplenium lobatum, Behnia
reticulata (C), Dryopteris inaequalis.
4.2.2.2.2. Constant taxa. Carissa bispinosa subsp. zambesiensis,
Cryptocarya transvaalensis (Dg, Dm), Diospyros whyteana (Dm),
Dovyalis lucida (Dg), Gymnosporia harveyana (Dm), Jasminum
abyssinicum (Dg), Peddiea africana (Dm), Psychotria capensis (Dm),
Psychotria zombamontana (Dg, Dm), Rapanea melanophloeos (Dg,Dm), Rhoicissus rhomboidea, Secamone alpini, Syzygium gerrardii (Dm),
Xymalosmonospora (Dg,Dm),Zanthoxylumdavyi; Asparagus setaceus,
Asplenium rutifolium, Asplenium splendens, Behnia reticulata (Dg),
Cheilanthes viridis var. viridis.
4.2.2.2.3. Dominant taxa. Brachylaena transvaalensis, Chionanthus
foveolatus subsp. major (Dg), Cryptocarya transvaalensis (Dg, C),
Curtisia dentata, Diospyros whyteana (C), Gymnosporia harveyana (C),
Olea capensis subsp.macrocarpa, Peddiea africana (C), Psychotria capensis
(C), Psychotria zombamontana (Dg, C), Rapanea melanophloeos (Dg, C),
Sclerochiton harveyanus, Syzygium gerrardii (C), Xymalos monospora
(Dg, C).
4.2.2.3. Barberton Mistbelt Forest Subtype. This subtype occurs along the
high-lying forested areas of the Barberton Mountains. Elevation of
relevé data ranged between 1220 and 1590 m above sea level. The
total ﬂora list has 191 species with 45 species per relevé on average.
This forest subtype also contained the greatest proportion of obligate
forest species (78%) with high leaf retention of 84% for evergreens.
Dominant families include Rubiaceae, Celastraceae, Flacourtiaceae,
Aspleniaceae, and Apocynaceae. Dominant genera include Asplenium,
Streptocarpus, Asparagus,Maytenus and Dovyalis.
4.2.2.3.1. Diagnostic taxa. Allophylus chaunostachys, Aphloia
theiformis, Bersama lucens, Calodendrum capense, Cassipourea malosana
(C, Dm), Chionanthus foveolatus subsp. major (C), Chionanthus
peglerae, Cola greenwayi (Dm), Cussonia spicata (C), Dovyalis lucida
(C), Garcinia gerrardii, Keetia gueinzii, Memecylon natalense,
Micrococca capensis (Dm), Ochna gamostigmata, Ochna holstii (C),
Ocotea kenyensis,Olea capensis subsp.macrocarpa (C,Dm),Olinia radiata,
Oricia bachmannii, Pavetta barbertonensis (C), Pavetta inandensis,
Tricalysia capensis var. transvaalensis (C, Dm), Vepris lanceolata; Aristea
ecklonii, Clivia miniata, Hypoestes aristata var. alba, Polystichum
transkeiense, Prosphytochloa prehensilis, Riocreuxia picta, Streptocarpus
confusus subsp. confusus.
4.2.2.3.2. Constant taxa. Carissa bispinosa subsp. zambesiensis,
Cassipourea malosana (Dg, Dm), Chionanthus foveolatus subsp. major
(Dg), Cussonia spicata (Dg), Dovyalis lucida (Dg), Ochna holstii (Dg),
Olea capensis subsp. macrocarpa (Dg, Dm), Pavetta barbertonensis
(Dg), Peddiea africana, Rhoicissus rhomboidea, Rothmannia capensis,
Syzygium gerrardii (Dm), Tricalysia capensis var. transvaalensis (Dg,
Dm), Xymalos monospora (Dm), Zanthoxylum davyi (Dm); Asparagus
setaceus, Asplenium splendens, Behnia reticulata, Cyperus albostriatus.
4.2.2.3.3. Dominant taxa. Cassipourea malosana (Dg, C), Cola greenwayi
(Dg), Justicia campylostemon, Micrococca capensis (Dg), Olea capensis
subsp. macrocarpa (Dg, C), Syzygium gerrardii (C), Tricalysia capensis
var. transvaalensis (Dg, C), Xymalosmonospora (C), Zanthoxylum davyi (C).
4.2.2.4. Blyde Canyon Dry Afromontane Forest Subtype. This is a drier
subtype that occurs at lower altitudes than the closely related
Mariepskop Mistbelt Forest with several species indicating it is perhaps
transitional to scarp or Afrotemperate forest. Elevation of relevé data
ranges between 1180 and 1370 m above sea level. This subtype has a
total ﬂoral list of 168 species with 70 species per 0.04 ha on average,
higher than any of the other subtypes. Obligate forest species account
for 67% of the ﬂora. Canopy is 75% evergreen and 16% deciduous. Domi-
nant families include Rubiaceae, Celastraceae, Fabaceae, Flacourtiaceae
and Rutaceae. Dominant genera include Asplenium, Peperomia, Rhoicissus,
Canthium andMaytenus.
4.2.2.4.1. Diagnostic taxa. Adenopodia spicata,Bersama tysoniana (C),
Bowkeria cymosa, Canthium ciliatum (C), Canthium kuntzeanum (C),
Carissa bispinosa subsp. zambesiensis (C),Combretumkraussii (C),Dovyalis
rhamnoides (C), Elaeodendron croceum, Euclea natalensis, Eugenia
natalitia (C), Eugenia woodii, Faurea galpinii, Gymnosporia harveyana
(C, Dm), Maytenus acuminata var. acuminata (C, Dm), Maytenus
peduncularis (C, Dm), Mimusops obovata (C), Olea capensis subsp.
macrocarpa (C), Osyridicarpos schimperianus, Pavetta inandensis (C),
Pittosporum viridiﬂorum, Pleurostylia capensis, Podocarpus falcatus (C,
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Psydrax obovata subsp. elliptica (C), Rhoicissus rhomboidea (C, Dm),
Rhoicissus sp1 (C), Searsia lucida, Rothmannia globosa, Schefﬂera
umbellifera (C), Sclerochiton harveyanus (C), Scolopia mundii (C, Dm),
Scolopia zeyheri, Scutia myrtina (C), Strychnos henningsii (C),
Trichocladus grandiﬂorus, Vangueria infausta; Commelina africana
var. africana, Crepidomanes melanotrichum, Cyperus albostriatus (C),
Dietes iridioides (C, Dm), Osmunda regalis, Talbotia elegans.
4.2.2.4.2. Constant taxa. Bersama tysoniana (Dg), Canthium
ciliatum (Dg), Canthium kuntzeanum (Dg), Carissa bispinosa subsp.
zambesiensis (Dg), Celtis africana (Dm), Combretum kraussii (Dg),
Cryptocarya transvaalensis, Diospyros whyteana (Dm), Dovyalis lucida,
Dovyalis rhamnoides (Dg), Eugenia natalitia (Dg), Gymnosporia
harveyana (Dg, Dm), Maytenus acuminata var. acuminata (Dg, Dm),
Maytenus peduncularis (Dg, Dm), Mimusops obovata (Dg), Ochna
holstii, Olea capensis subsp. macrocarpa (Dg), Pavetta inandensis
(Dg), Peddiea africana, Podocarpus falcatus (Dg, Dm), Podocarpus
latifolius, Protorhus longifolia (Dg, Dm), Psychotria zombamontana
(Dg), Psydrax obovata subsp. elliptica (Dg), Pterocelastrus rostratus,
Rhoicissus rhomboidea (Dg, Dm), Rhoicissus sp1 (Dg), Schefﬂera
umbellifera (Dg), Sclerochiton harveyanus (Dg), Scolopia mundii
(Dg, Dm), Scutia myrtina (Dg), Secamone alpini, Strychnos henningsii
(Dg), Zanthoxylum davyi; Asparagus setaceus, Asplenium splendens,
Behnia reticulata (Dm), Cheilanthes viridis var. viridis, Cissampelos
torulosa, Cyperus albostriatus (Dg), Dietes iridioides (Dg, Dm),
Oplismenus hirtellus.
4.2.2.4.3. Dominant taxa. Brachylaena transvaalensis, Celtis africana
(C), Diospyros whyteana (C), Gymnosporia harveyana (Dg, C), Ilex
mitis,Maytenus acuminata var. acuminata (Dg, C),Maytenus peduncularis
(Dg, C), Podocarpus falcatus (Dg, C), Protorhus longifolia (Dg, C),
Psychotria capensis, Rhoicissus rhomboidea (Dg, C), Scolopia mundii
(Dg, C); Behnia reticulata (C), Dietes iridioides (Dg, C).
4.2.2.5. Foothills Mistbelt Forest Subtype. This subtype occurs along the
slopes and foothills of the Sabie/Graskop escarpment. It is considered
to contain some subtropical forest elements although still
Afrotemperate in nature. Subtropical elements occurring in this unit in-
cludeMonanthotaxis caffra, Cnestis polyphylla and Dracaena aletriformis,
primarily in the shrub stratum. The canopy is very Afrotemperate in
character. Elevation of relevé data ranged between 1060 and 1330 m
above sea level. The total ﬂora list has only 175 species with a relatively
low 39 species per relevé on average. The fern ﬂora constitutes only 12%
of the species composition. Obligate forest species make up 72% of all
occurrence records. The tree canopy is predominately evergreen
(82%). Epiphytes comprise only 3% of the growth forms, indicating a
drier climate outside the mistbelt. Dominant families are Rubiaceae,
Aspleniaceae, Apocynaceae, Cyperaceae andOleaceae. Dominant genera
include Asplenium, Ochna, Asparagus, Rhoicissus, and Canthium.
4.2.2.5.1. Diagnostic taxa. Cephalanthus natalensis, Cnestis polyphylla,
Combretum kraussii (C, Dm), Englerophytum magalismontanum (C, Dm),
Eugenia natalitia (C), Monanthotaxis caffra (C), Nuxia congesta,
Oxyanthus speciosus subsp. gerrardii (C), Peddiea africana (C),
Psychotria capensis (C, Dm), Psychotria zombamontana (C), Rhoicissus
rhomboidea (C, Dm), Strelitzia caudata, Syzygium gerrardii (C, Dm),
Tricalysia capensis var. transvaalensis (C, Dm).
4.2.2.5.2. Constant taxa. Carissa bispinosa subsp. zambesiensis,
Combretum kraussii (Dg, Dm), Englerophytum magalismontanum
(Dg,Dm), Eugenia natalitia (Dg),Monanthotaxis caffra (Dg),Oxyanthus
speciosus subsp. gerrardii (Dg), Peddiea africana (Dg), Psychotria
capensis (Dg, Dm), Psychotria zombamontana (Dg), Rhoicissus
rhomboidea (Dg, Dm), Syzygium gerrardii (Dg, Dm), Tricalysia
capensis var. transvaalensis (Dg, Dm); Asplenium splendens, Behnia
reticulata, Cheilanthes viridis var. viridis, Oplismenus hirtellus.
4.2.2.5.3. Dominant taxa. Apodytes dimidiata, Combretum kraussii
(Dg, C), Englerophytum magalismontanum (Dg, C), Englerophytum
natalense, Protorhus longifolia, Psychotria capensis (Dg, C), Pterocelastrusrostratus, Rhoicissus rhomboidea (Dg, C), Syzygium gerrardii (Dg, C),
Tricalysia capensis var. transvaalensis (Dg, C), Xymalos monospora.
4.2.3. Eastern Scarp forest subtypes
Five proposed forest subtypes (10–14) are recognised within the
Eastern Scarp Forest Type. These subtypes are represented by 67 relevés
and 412 species.
4.2.3.1. Mapulaneng Scarp Forest Subtype. Although an untested hypoth-
esis, theMapulaneng Scarp Forest is considered to be amoist subtropical
forest subtype and may represent a relict forest type from a time when
moist subtropical forests extended up the Mpumalanga Escarpment. El-
evation of relevé data ranged between 800 and 1100 m above sea level.
This forest subtype has a ﬂora list of 179 species with 49 species per
relevé on average. Only 63% of the ﬂora are obligate forest species. This
subtype has the lowest proportion of evergreen trees in the canopy at
only 49%. Dominant families include Rubiaceae, Fabaceae, Asteraceae,
Euphorbiaceae and Flacourtiaceae. Dominant genera include Syzygium,
Rhoicissus, Asplenium, Asparagus and Ficus. Certain unusual factors
make this forest subtype of signiﬁcant biogeographic importance. For in-
stance, a yet not formally described Syzygium, referred to as Syzygium sp.
A (Schmidt et al., 2002), found only in this forest type, may represent a
geographic outlier of a tropical/subtropical species of Syzygium. In addi-
tion, although not recorded in relevé data, this forest type is the only lo-
cality in South Africa for Adiantum lunulatum var. ﬁssum, a fern hitherto
known from Zimbabwe. This forest subtype is also the southernmost
limit of the distribution of the black-fronted bush-shrike (Telophorus
nigrifrons), which occurs further north in Africa.
4.2.3.1.1. Diagnostic taxa.Asparagus falcatus (C),Brideliamicrantha
(C, Dm), Combretum kraussii (C, Dm), Dracaena aletriformis,
Englerophytum magalismontanum (C), Ficus sur, Monanthotaxis caffra
(C), Nuxia ﬂoribunda (Dm), Peddiea africana (C), Protorhus longifolia
(C, Dm), Rhoicissus tomentosa (C), Rothmannia globosa (C, Dm),
Syzygium cordatum (Dm), Syzygium sp. A, Tricalysia lanceolata; Anemia
dregeana, Arthropteris monocarpa, Cheilanthes viridis var. viridis (C),
Crocosmia aurea var. aurea.
4.2.3.1.2. Constant taxa.Asparagus falcatus (Dg), Brideliamicrantha
(Dg, Dm), Celtis africana, Combretum kraussii (Dg, Dm), Diospyros
whyteana, Englerophytum magalismontanum (Dg), Monanthotaxis
caffra (Dg), Peddiea africana (Dg), Protorhus longifolia (Dg, Dm),
Psychotria capensis, Rhoicissus rhomboidea, Rhoicissus tomentosa
(Dg), Rothmannia globosa (Dg, Dm), Secamone alpini; Cheilanthes
viridis var. viridis (Dg), Cyperus albostriatus, Oplismenus hirtellus.
4.2.3.1.3. Dominant species. Brachylaena transvaalensis, Bridelia
micrantha (Dg, C), Combretum kraussii (Dg, C), Cryptocarya woodii,
Gymnosporia harveyana, Nuxia ﬂoribunda (Dg), Protorhus longifolia (Dg,
C), Rothmannia globosa (Dg, C), Syzygium cordatum (Dg).
4.2.3.2. Barberton Scarp Forest Subtype. This subtype occurs in the lower,
frost-free areas around Barberton. Elevation of relevé data ranges be-
tween480 and 1170 mabove sea level. It has 229 species and 42 species
per relevé on average. Tree growth form accounts for 52%, shrubs 20%,
climbers 15% and herbs 8% of species. Epiphytes account for only 1%. Ob-
ligate forest speciesmake up 66% of all species occurrences while 70% of
the tree canopy is evergreen. Dominant families include Rubiaceae, Eu-
phorbiaceae, Apocynaceae, Fabaceae, and Celastraceae. Dominant gen-
era include Asplenium, Asparagus, Ochna, Pavetta andMaytenus.
4.2.3.2.1. Diagnostic taxa. Acridocarpus natalitius var. natalitius,
Atalaya natalensis, Canthium inerme, Cnestis polyphylla, Combretum
kraussii (C, Dm), Croton sylvaticus (C, Dm), Cryptocarya woodii (Dm),
Dalbergia armata (C, Dm), Englerophytum magalismontanum (C,
Dm), Englerophytum natalense (C, Dm), Erythroxylum emarginatum,
Gymnosporia rubra, Harpephyllum caffrum (Dm), Keetia gueinzii,
Kraussia ﬂoribunda, Margaritaria discoidea var. fagifolia, Maytenus sp.
nov. (=G. ﬁliformis), Monanthotaxis caffra (C, Dm), Pavetta
barbertonensis, Pavetta galpinii (C), Pseuderanthemum subviscosum,
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ventricosa (Dm), Tiliacora funifera, Trichilia dregeana, Trilepisium
madagascariense; Asparagus setaceus (Lebombo form), Cheilanthes
pentagona, Tragiella natalensis.
4.2.3.2.2. Constant species. Celtis africana, Combretum kraussii (Dg,
Dm), Croton sylvaticus (Dg, Dm), Dalbergia armata (Dg, Dm),
Englerophytum magalismontanum (Dg, Dm), Englerophytum
natalense (Dg, Dm), Monanthotaxis caffra (Dg, Dm), Pavetta galpinii
(Dg), Peddiea africana, Rawsonia lucida (Dg); Oplismenus hirtellus.
4.2.3.2.3. Dominant species. Anthocleista grandiﬂora, Combretum
kraussii (Dg, C), Croton sylvaticus (Dg, C), Cryptocarya woodii (Dg),
Dalbergia armata (Dg, C), Englerophytum magalismontanum (Dg, C),
Englerophytum natalense (Dg, C), Harpephyllum caffrum (Dg),
Monanthotaxis caffra (Dg,C),Protorhus longifolia, Schefﬂera umbellifera,
Syzygium gerrardii, Tabernaemontana ventricosa (Dg), Xymalosmonospora.
4.2.3.3. Blyde Scarp Forest Subtype. Limited to the dry ravines at the base
ofMariepskop, it has a small ﬂoral list of 117 species with 44 species per
relevé on average. Elevation of relevé data ranged between 800 and
850 m above sea level. The tree growth form accounts for 45%, shrubs
23%, climbers 19% and herbs 7%. No epiphytes were recorded in this
subtype. Only 32% of the ﬂora is made up of obligate forest species,
however as much as 67% of the tree canopy is evergreen. Dominant
families include Fabaceae, Rubiaceae, Apocynaceae, Euphorbiaceae
and Asteraceae. Dominant genera include Rhoicissus, Ficus, Ochna,
Asparagus and Canthium.
4.2.3.3.1. Diagnostic taxa. Acalypha glabrata (C), Breonadia salicina,
Bridelia micrantha (Dm), Afrocanthium mundianum, Capparis
fascicularis var. fascicularis, Carissa edulis, Celtis africana (C), Croton
sylvaticus (C),Dalbergia armata (C), Englerophytummagalismontanum
(C), Englerophytum natalense (C, Dm), Erythroxylum emarginatum,
Eugenia natalitia (river form), Ficus burkei (Dm), Ficus sur (C),
Gymnosporia rubra (C, Dm), Hyperacanthus amoenus (C), Maytenus
undata (wood), Mimusops zeyheri (C, Dm), Ochna arborea var.
arborea, Ochna natalitia (C), Pachystigma bowkeri, Rawsonia lucida
(C, Dm),Rhoicissus tomentosa (C), Secamone ﬁliformis, Syzygium
cordatum (Dm), Tricalysia lanceolata (C), Vepris reﬂexa; Abrus
precatorius (C),Adenia digitata, Christella dentata, Cyperus keniensis,
Equisetum ramosissimum, Peperomia blanda, Setaria megaphylla,
Telosma africana.
4.2.3.3.2. Constant species. Acalypha glabrata (Dg), Celtis africana
(Dg), Croton sylvaticus (Dg), Dalbergia armata (Dg), Englerophytum
magalismontanum (Dg), Englerophytum natalense (Dg, Dm), Ficus
sur (Dg), Gymnosporia rubra (Dg, Dm), Hyperacanthus amoenus
(Dg), Mimusops zeyheri (Dg, Dm), Ochna natalitia (Dg), Rawsonia
lucida (Dg, Dm), Rhoicissus tomentosa (Dg), Tricalysia lanceolata
(Dg); Abrus precatorius (Dg), Dietes iridioides, Oplismenus hirtellus.
4.2.3.3.3. Dominant species. Bridelia micrantha (Dg), Englerophytum
natalense (Dg, C), Ficus burkei (Dg), Gymnosporia rubra (Dg, C),
Mimusops zeyheri (Dg, C), Rawsonia lucida (Dg, C), Searsia chirindensis,
Syzygium cordatum (Dg), Trimeria grandifolia.
4.2.3.4. Escarpment Riverine Forest Subtype. This subtype occurs below
the escarpment at altitudes between 400 and 800 m. It has 42 species
per relevé on average. Only 36% of the ﬂora are obligate forest species,
yet as much as 76% of the trees are evergreen. Dominant families in-
clude Rubiaceae, Fabaceae, Thelypteridaceae, Asteraceae andMoraceae.
Dominant genera included Ficus, Acacia, Diospyros and Strychnos.
4.2.3.4.1. Diagnostic taxa. Acacia robusta subsp. clavigera,
Anthocleista grandiﬂora (C, Dm), Brachylaena huillensis, Bridelia
micrantha (C, Dm), Afrocanthium mundianum, Capparis tomentosa,
Diospyros mespiliformis, Dracaena transvaalensis, Ehretia obtusifolia,
Ficus sur (C, Dm), Flueggea virosa, Hibiscus vitifolius, Karomia speciosa,
Maesa lanceolata (C, Dm), Phoenix reclinata, Pterolobium stellatum,
Rauvolﬁa caffra (C, Dm), Sesbania macrantha, Solanum americanum,
Strychnos mitis, Syzygium cordatum (C, Dm), Toddalia asiatica,Gymnanthemum myrianthum (C); Aneilema aequinoctiale (C), Carex
spicato-paniculata (C), Christella dentata (C), Commelina benghalensis
(C), Crassula alsinoides (C), Cyclosorus interruptus (C, Dm), Cyperus
sexangularis, Eulophia horsfallii, Hydrocotyle verticillata (C), Kyllinga
odorata (C), Laportea alatipes,Microlepia speluncae (C,Dm), Persicaria
decipiens,Phragmitesmauritianus,Pteris friesii (C), Setariamegaphylla
(C), Sida serratifolia, Stegnogrammapozoi (C,Dm),Stephaniaabyssinica
(C), Thelypteris conﬂuens (Dm), Urera sp. (C), Zehneria scabra.
4.2.3.4.2. Constant taxa. Anthocleista grandiﬂora (Dg, Dm), Bridelia
micrantha (Dg, Dm), Diospyros whyteana, Ficus sur (Dg, Dm), Maesa
lanceolata (Dg, Dm), Rauvolﬁa caffra (Dg, Dm), Rhoicissus tomentosa,
Syzygium cordatum (Dg, Dm), Gymnanthemum myrianthum (Dg);
Aneilema aequinoctiale (Dg), Carex spicato-paniculata (Dg), Christella
dentata (Dg), Cissampelos torulosa, Commelina benghalensis (Dg),
Crassula alsinoides (Dg), Cyclosorus interruptus (Dg, Dm), Desmodium
repandum (Dm), Hydrocotyle verticillata (Dg), Impatiens hochstetteri
(Dm), Kyllinga odorata (Dg),Microlepia speluncae (Dg, Dm), Oplismenus
hirtellus (Dm), Pteris friesii (Dg), Setaria megaphylla (Dg),
Stegnogramma pozoi (Dg, Dm), Stephania abyssinica (Dg), Urera sp. (Dg).
4.2.3.4.3. Dominant species. Anthocleista grandiﬂora (Dg, C), Breonadia
salicina, Brideliamicrantha (Dg, C), Ficus sur (Dg, C),Maesa lanceolata
(Dg, C), Rauvolﬁa caffra (Dg, C), Rawsonia lucida, Syzygium cordatum
(Dg, C); Cyclosorus interruptus (Dg, C), Desmodium repandum (C),
Impatiens hochstetteri (C), Microlepia speluncae (Dg, C), Oplismenus
hirtellus (C), Selaginella kraussiana, Stegnogramma pozoi (Dg, C),
Thelypteris conﬂuens (Dg).
4.2.3.5. Legogote Scarp Forest Subtype. Conﬁned to the Crocodile Gorge
area near Kaapmuiden, it has only 113 species, with a relatively high
45 species per relevé on average. Elevation of relevé data ranged be-
tween 420 and 530 m above sea level. Only 27% of the ﬂora are obligate
forest species (lowest of all subtypes), yet as much as 53% of the tree
canopy is evergreen. Dominant families include Euphorbiaceae,
Fabaceae, Celastraceae, Apocynaceae, Oleaceae and Rubiaceae. Domi-
nant genera includeRhoicissus, Ficus, Asparagus, Combretum, and Adenia.
4.2.3.5.1. Diagnostic taxa. Acacia schweinfurthii, Acalypha glabrata,
Acridocarpus natalitius var. natalitius, Asparagus angusticladus,
Atalaya alata (C,Dm), Barleria rotundifolia, Berchemia zeyheri, Bridelia
cathartica, Chaetachme aristata, Chionanthus foveolatus subsp.
foveolatus (C, Dm), Combretum molle (C, Dm), Combretum cf. woodii,
Commiphora mollis, Dalbergia armata (C), Diospyros natalensis
subsp. nummularia (C, Dm), Dombeya cymosa (C), Duvernoia
aconitiﬂora, Erythroxylum delagoense, Euclea natalensis (C), Euclea
schimperi, Eugenia mossambicensis, Garcinia livingstonei, Grewia
ﬂavescens var. ﬂavescens, Gymnosporia sp. D (=G. graniticola) (C),
Hibiscus calyphyllus (C), Hippobromus pauciﬂorus, Hippocratea
africana, Homalium dentatum (C, Dm), Hyperacanthus amoenus
(C), Jasminum streptopus (C), Kirkia wilmsii (C, Dm), Maerua
rosmarinoides, Mimusops obovata (C, Dm), Obetia tenax, Ochna
natalitia, Olax dissitiﬂora, Ptaeroxylon obliquum (C, Dm), Rhoicissus
tomentosa (C), Rhoicissus tridentata subsp. cuneifolia (C), Searsia
taxon C (Moffett), Ruttya ovata (Dm), Secamone parvifolia,
Spirostachys africana, Sterculia murex, Strychnos madagascariensis,
Coptospermum supra-axillaris (C, Dm), Tecoma capensis, Terminalia
phanerophlebia (C, Dm), Vitellariopsis marginata (C, Dm), Vitex
obovata subsp. wilmsii; Abrus precatorius, Achyranthes aspera var.
aspera, Adenia digitata, Adiantum incisum, Aneilema aequinoctiale,
Cheilanthes viridis var. glauca (C), Cocculus hirsutus, Dioscorea
cotinifolia, Drimia delagoensis, Marsdenia sylvestris (C), Momordica
foetida, Peperomia blanda (C), Pupalia lappacea, Sansevieria
hyacinthoides.
4.2.3.5.2. Constant taxa. Atalaya alata (Dg, Dm), Chionanthus
foveolatus subsp. foveolatus (Dg, Dm), Combretum molle (Dg, Dm),
Dalbergia armata (Dg), Diospyros natalensis subsp. nummularia
(Dg, Dm), Dombeya cymosa (Dg), Euclea natalensis (Dg), Gymnosporia
sp. D (=G. graniticola) (Dg), Hibiscus calyphyllus (Dg), Homalium
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Fig. 4. Frequency distributions of growth form categories for each forest subtype, and averaged across all forest subtypes (bottom, right graph), represented as a percentage of all species
occurrences.
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(Dg), Kirkia wilmsii (Dg, Dm), Mimusops obovata (Dg, Dm),
Ptaeroxylon obliquum (Dg, Dm), Rhoicissus tomentosa (Dg), Rhoicissus
tridentata subsp. cuneifolia (Dg), Coptospermum supra-axillaris (Dg,
Dm), Terminalia phanerophlebia (Dg, Dm), Vitellariopsis marginata
(Dg, Dm); Cheilanthes viridis var. glauca (Dg), Marsdenia sylvestris
(Dg), Oplismenus hirtellus, Peperomia blanda (Dg).
4.2.3.5.3. Dominant taxa. Atalaya alata (Dg, C), Bridelia micrantha,
Chionanthus foveolatus subsp. foveolatus (Dg, C), Combretum molle
(Dg, C), Diospyros natalensis subsp. nummularia (Dg, C), Homalium
dentatum (Dg, C), Kirkia wilmsii (Dg, C), Mimusops obovata (Dg, C),
Ptaeroxylon obliquum (Dg, C), Ruttya ovata (Dg), Syzygium guineense,Coptospermum supra-axillaris (Dg, C), Terminalia phanerophlebia
(Dg, C), Vitellariopsis marginata (Dg, C).
5. Discussion
5.1. Linking theMpumalanga subtype classiﬁcation and the National Forest
Classiﬁcation
Our forest analysis builds on the current two tiered National Forest
Classiﬁcation hierarchy (von Maltitz et al., 2003), although our relevé
data was restricted to Mpumalanga. Our data clearly shows that the
indigenous forests in the Wakkerstroom area, previously thought to
50 M.C. Lötter et al. / South African Journal of Botany 90 (2014) 37–51be Low Escarpment Mistbelt Forest Type, now need to be incorporated
under the Northern Highveld Forest Type. No new forest types are pro-
posed, and the hierarchical level directly below that of a forest type is
used to distinguish new forest subtypes.
The three zonal forest groups, namely Northern Mistbelt, Northern
Afrotemperate, and Scarp Forests, are clearly distinguished from one
another,with theNorthernMistbelt andNorthern Afrotemperate Forest
Groups being the most similar. Two forest subtype groupings are
recognisedwithin the Eastern Scarp Forest Type. Group E is very distinct
and characterises ‘core’ scarp forest (as representative of the subtropical
forest biome; sensuMucina et al., 2006), whereas there is an overlap of
species between Group D and the Mpumalanga Mistbelt Forest Type
(comprising Groups B & C; representative of the afrotemperate forest
biome; sensu Mucina et al., 2006). This may lead to the sharing of
species simply as a result of topographic proximity as nowhere else in
South Africa do Scarp and Northern Mistbelt Forest Groups come so
close to one another.
The Northern Mistbelt Forest Group is represented by the Mpuma-
langa Mistbelt Forest Type, which forms part of the Afrotemperate for-
est biome (or afromontane forests sensuWhite, 1978). This forest type
comprises a warm temperate ﬂora that shares several genera and spe-
cies with the high mountainous forests to the north in south-central
Africa. Two subtype grouping are recognised, one (Group B) which
favours the wetter and higher altitude areas, and the other (Group C)
which favours drier and lower areas and starts approaching the compo-
sition of scarp forest with an Afrotemperate mix of species (Group D).
The Northern Afrotemperate Forest Group of forests either occur in
the drier and colder highveld parts of the grassland plateaus or escarp-
ment and small ravines, or in the dry rain-shadow valleys of the moun-
tainous Mpumalanga Escarpment. This forest group is represented by
the Northern Highveld Forest Type which shares many species with
the cold highveld parts of South Africa. The Wakkerstroom Midlands
Forest Subtype is now embedded within the Northern Highveld Forest
Type.
The Eastern Scarp forest group is represented by the Eastern Scarp
forest type, and then several scarp forest subtypes. Conventional think-
ing was that this forest type is transitional in nature between
Afromontane and Coastal forests, however it is now considered to repre-
sent a subtropical forest with its own characteristic species (Geldenhuys
and Mucina, 2006; Mucina et al., 2007). Our results showed that the Es-
carpment Riverine Forest is more scarp than azonal and we suspect that
azonality becomesmore apparent at lower altitudeswhere Lowveld Riv-
erine forests (not studied) occur.
The Northern Highveld forests have been described as being themost
“biogeographically eroded” forest type, as they contain only a very small
portion of the typical Afrotemperate, or Afromontane, elements. They
were probably once linked to the species-rich Afrotemperate forests
found along the Mpumalanga escarpment (Geldenhuys and Mucina,
2006). Our research supports this statement that this forest type is prob-
ably the most species poor as average species richness per relevé is the
lowest sampled (40.6). Obligate forest species make up only 52% of this
forest ﬂora, although as much as 75% of the tree canopy is evergreen.
The Barberton area is a recognised centre of plant endemism (Van
Wyk and Smith, 2001) and the identiﬁcation and then division of the
dry andmoist Barberton forests into two unique subtypes is an example
of how the proposed classiﬁcation has, to a certain extent, managed to
mirror this biogeographic classiﬁcation. Similarly, the Wolkberg Centre
of Endemism comprises two subcentres (Matthews et al., 1993), of
which the Blyde Subcentre occurs south of the Olifants River inMpuma-
langa. This subcentre is also circumscribed in what we propose as the
Mariepskop Mistbelt Forest Subtype.
5.2. Further outlook
With the indigenous forests making up only 0.51% of Mpumalanga's
territory, it contains a unique suite of plant species (316 obligate foresttaxa) not found in any other major vegetation type in the region. This
result highlights the unique nature of indigenous forests and the need
to conserve a representative sample of this biodiversity.
Although much attention was placed on surveying forest patches
across a range of environmental conditions, the results show that the
number of sample relevés per forest type and subtype varies consider-
ably. This may have an impact on the resulting subtype classiﬁcation.
Future surveys should increase the number of relevés in the Lowveld
Riverine forest types. In particular our current understanding of the
Lowveld Riverine Forest Type is inadequate and incomplete, and
comprehensive descriptions are required for the subtypes.
The proposed forest classiﬁcation presented here offers the basis for
further studies aimed at identifying ecological and evolutionary drivers
of the species composition and spatial variability of the indigenous forests
in Mpumalanga. Such studies are underway (M.C. Lötter, in preparation).
We suggest that further subdivision of forest types into subtypes is
necessary for inclusion into conservation initiatives to be used at a pro-
vincial scale. The effective conservation of forest habitats is reliant on ro-
bust classiﬁcations at the appropriate scale. The resulting classiﬁcations
need to be spatially explicit if they are to be of any value in conservation
initiatives. In addition, inappropriate habitat classiﬁcationswould result
in wastage of time, money and resources.We present here a forest clas-
siﬁcation that ismethodologically robust, biogeographically distinct and
ecologically accurate. It is appropriate for use in conservation planning
initiatives in Mpumalanga. Our proposed hierarchical ﬂoristic assess-
ment is largely nested within the NFC (von Maltitz et al., 2003;
Geldenhuys and Mucina, 2006; Mucina et al., 2006, 2007), and hence
will facilitate comparisons between forests across the country, and
ensure edge-matchwith additional subtype classiﬁcations that are pro-
duced for other areas.
The nature of our numerical analyses and the formalised deﬁnitions
of the subtypes (containing formally deﬁned lists of Diagnostic,
Constant and Dominant species groups) allows, for the ﬁrst time in
the history of South African vegetation science, the building of an expert
system for semi-automatic assignment (hence identiﬁcation) of the
vegetation ﬁeld data into a pre-deﬁned stable typological system (see
Hill, 1989; Janišová and Dúbravková, 2010; Janišová et al., 2010 for
examples in the world literature).
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.sajb.2013.09.010.Acknowledgements
We gratefully acknowledge the support of John and Sandie Burrows,
Warren McCleland, Barbara Turpin and Prof. Eugene Moll. Theunis
Morgenthal kindly granted permission to use his forest relevé data col-
lected in Pedlar's Bush forest. Komatiland Forests and York Timbers are
thanked for access and use of forest relevé data. Kevin Aenmey assisted
with programming, The Mpumalanga Tourism & Parks Agency lent
indispensable support for this important research, and the National
Research Foundation (NRF) of South Africa (NRF 2069152) provided ﬁ-
nancial assistance. We furthermore gratefully acknowledge the ArcGIS
software grant from the ESRI Conservation Program. LM thanks the
Iluka Chair established at TheUniversity ofWesternAustralia for logistic
support.References
Acocks, J.P.H., 1988. Veld types of South Africa. Memoirs of the Botanical Survey of South
Africa, 57, pp. 1–146.
Braun-Blanquet, J., 1964. Pﬂanzensoziologie, Grundzüge der Vegetationskunde3rd ed.
Springer-Verlag, Wien.
Chytrý, M., Rafajová, M., 2003. Czech National Phytosociological Database: basic statistics
of the available vegetation-plot. Preslia 75, 1–15.
Chytrý, M., Tichý, L., 2003. Diagnostic, constant and dominant species of vegetation clas-
ses and alliances of the Czech Republic: a statistical revision. Folia Facultatis
Scientiarum Naturalium Universitatis Masarykianae Brunensis 108, 1–231.
51M.C. Lötter et al. / South African Journal of Botany 90 (2014) 37–51Chytrý, M., Tichý, L., Holt, J., Botta-Dukát, Z., 2002. Determination of diagnostic species
with statistical ﬁdelity measures. Journal of Vegetation Science 13, 79–90.
Cooper, K.H., 1985. The conservation status of indigenous forests in Transvaal. Natal and
O.F.S., South Africa.Wildlife Society of South Africa, Durban.
Deal, G.B., Theron, G., Westfall, R., 1989. The vegetation ecology of the eastern Transvaal
escarpment in the Sabie area. 2. Floristic classiﬁcation. Bothalia 19, 69–89.
Eckhardt, H.C., Van Rooyen, N., Bredenkamp, G., 1997. Plant communities of the forests,
woodlands and thickets in northern KwaZulu-Natal. Koedoe 40, 91–112.
Ferrar, A.A., Lötter, M.C., 2007. Mpumalanga Biodiversity Conservation Plan Handbook.
Mpumalanga Tourism & Parks Agency, Nelspruit.
Geldenhuys, C.J., Mucina, L., 2006. Towards a new national forest classiﬁcation for South
Africa. In: Ghazanfar, S.A., Beentje, H.J. (Eds.), Taxonomy and Ecology of African
Plants, Their Conservation and Sustainable Use. Royal Botanic Gardens, Kew,
pp. 111–129.
Germishuizen, G., Meyer, N.L., 2003. Plants of Southern Africa: An Annotated Checklist.
National Botanical Institute, Pretoria.
Hennekens, S.M., Schaminée, J., 2001. TURBOVEG, a comprehensive data base manage-
ment system for vegetation data. Journal of Vegetation Science 12, 589–591.
Hill, M.O., 1989. Computerized matching of relevés and association tables, with an
application to the British National Vegetation Classiﬁcation. Vegetatio 83, 18–194.
Janišová, M., Dúbravková, D., 2010. Formalized classiﬁcation of rocky Pannonian grass-
lands and dealpine Sesleria-dominated grasslands in Slovakia using a hierarchical
expert system. Phytocoenologia 40, 267–291.
Janišová, M., Uhliarová, E., Ružičková, H., 2010. Expert system-based classiﬁcation of
semi-natural grasslands in submontane and montane regions of central Slovakia.
Tuexenia 30, 375–422.
Kent, M., Coker, P., 1994. Vegetation description and analysis— a practical approach. John
Wiley & Sons, Oxford.
Lötter, M.C., Beck, H., 2004. Preliminary inventory and classiﬁcation of indigenous
afromontane forests on the Blyde River Canyon Nature Reserve, Mpumalanga,
South Africa. BMC Ecology 4, 9. http://dx.doi.org/10.1186/1472-6785-4-9.
Lötter, M.C., Mucina, L., Witkowski, E.T.F., 2013. The classiﬁcation conundrum: species
ﬁdelity as leading criterion in search of a rigorousmethod to classify a complex forest
data set. Community Ecology 14, 121–132.
Matthews, W.S., VanWyk, A.E., Bredenkamp, G.J., 1993. Endemic ﬂora of the north-eastern
Transvaal Escarpment, South Africa. Biological Conservation 63, 83–94.
McCune, B., Mefford, M.J., 2006. PC-ORD. Multivariate Analysis of Ecological Data. Version
5.20. MjM Software, Gleneden Beach, OR.
Morgenthal, T.L., Cilliers, S., 1999. Vegetation analysis of Pedlar's Bush, Mpumalanga, and
its conservation. South African Journal of Botany 65, 270–280.
Mucina, L., Rutherford, M.C. (Eds.), 2006. The Vegetation of South Africa, Lesotho and
Swaziland. South African National Biodiversity Institute, Pretoria.
Mucina, L., Geldenhuys, C.J., Rutherford, M.C., Powrie, L.W., Lötter, M.C., Von Maltitz, G.P.,
Euston-Brown, D.I.W., Matthews, W.S., Dobson, L., McKenzie, B., 2006. Afrotemperate,subtropical and azonal forests. In: Mucina, L., Rutherford, M.C. (Eds.), The Vegetation
of South Africa, Lesotho and Swaziland. South African National Biodiversity Institute,
Pretoria, pp. 584–615.
Mucina, L., Pienaar, E., Van Niekerk, A., Lötter, M.C., Scott-Shaw, C.R., Meets, M., Seoke, L.,
Sekome, T., Siebert, S.J., Lofﬂer, L., Cawe, S.G., Dold, A.P., Abbott, A., Kalwij, J., Tichý, L.,
2007. Habitat-level classiﬁcation of the Albany Coastal, Pondoland Scarp and Eastern
Scarp Forests. Unpublished Report for DWAF.Stellenbosch University, Matieland, ZA.
Mueller-Dombois, D., Ellenberg, H., 1974. Aims and Methods of Vegetation Ecology.
J. Wiley & Sons, New York.
Muller, D.J., 1994. Resultate van ‘n voorraadsopname in die inheemse bos op Mariti, Oos
Transvaal. South African Journal of Forestry 168, 27–31.
Schmidt, E., Lötter, M.C., McCleland, W., 2002. Trees and Shrubs of Mpumalanga and
Kruger National Park. Jacana, Johannesburg.
Schulze, R.E., 1997. South African Atlas for Agrohydrology and Climatology. Water
Research Commission, Pretoria.
Small, C.J., McCarthy, B., 2002. Spatial and temporal variation in the response of understo-
ry vegetation to disturbance in a central Appalachian oak forest. Journal of the Torrey
Botanical Society 129, 136–153.
Stalmans, M., Robinson, E., Balkwill, K., 1999. Ordination and classiﬁcation of the vegeta-
tion of Songimvelo Game Reserve in the Barberton Mountainland, South Africa, for
the assessment of wildlife habitat distribution and quality. Bothalia 29, 305–325.
Tichý, L., 2002. JUICE, software for vegetation classiﬁcation. Journal of Vegetation Science
13, 451–453.
Tichý, L., Holt, J., 2006. JUICE, program for management, analysis and classiﬁcation of
ecological data. User's Manual.Masaryk University, Brno.
Van Der Schijff, H.P., Schoonraad, E., 1971. The ﬂora of the Mariepskop complex. Bothalia
10, 461–500.
Van Wyk, A.E., Smith, G.F., 2001. Regions of ﬂoristic endemism in southern Africa. A
Review with Emphasis on Succulents.Umdaus Press, Pretoria.
Von Breitenbach, F., 1990. Reports on indigenous forests. Part 1. Introduction andMethods,
South-eastern Transvaal Forests, Uitsoek Forests.DEA, Forestry Branch, Pretoria.
Von Maltitz, G., Mucina, L., Geldenhuys, C.J., Lawes, M., Eeley, H., Aidie, H., Vink, D.,
Fleming, G., Bailey, C., 2003. Classiﬁcation system for South African indigenous
forests. An Objective Classiﬁcation for the Department of Water Affairs and Forestry.
Report ENV-P-C 2003-017.Environmentek, CSIR, Pretoria.
Werger, M.J.A., Sprangers, J.T.C., 1982. Comparison of ﬂoristic and structural classiﬁcation
of vegetation. Vegetatio 50, 175–183.
Westhoff, V., van der Maarel, E., 1978. The Braun-Blanquet approach. In: Whittaker, R.H.
(Ed.), Classiﬁcation of plant communities. Dr. W Junk Publ, The Hague, pp. 287–399.
White, F., 1978. The afromontane region. In: Werger, M.J.A. (Ed.), Biogeography and
Ecology of Southern Africa. Dr. W Junk Publ, The Hague, pp. 463–513.
Willner, W., Tichý, L., Chytrý, M., 2009. Effects of different ﬁdelity measures and contexts
on the determination of diagnostic species. Journal of Vegetation Science 20,
130–137.
